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Abitract 

In thli papar, tha procaduras and computation, 
utad to Idaiit lfy an FMO channel For a S4U 
ETF'tcala plant are pretentad. Under tha aisumed 
constraints of maximum Ey, (y, Jy and a. 
our results show the best plant performance It 
obtalneJ for active lanoth, L ~ 12 M, whereas In 
tha Irltifl ETF studleslf?, L * 16 M, As MiO 
chan'iel length It reduced from 16 M, thu channel 
enthalpy extraction falls off, slowly. This tends 
to reduce the MtO power output. But the shorter 
channels result In lower heat losses to the IPtO 
channel cooling water which allows for the Incor- 
poration of more low pressure boiler feedwater 
heaters Into the system and an Increase In steam 
plant efficiency. In addition to the sensitivity 
of various channel parameters (B, K, L, Ma, and 
Pc), th«r trade-offs between the level of oxygen 
enrichment and the electrical stress on ;he chan- 
nel are also discussed. 

Background 

Previous studies^"® have considered the 
opt Imliat loti of channel performance In terms of 
the MiD power (Pfg^o) power 

(PnET ■ Pmp - PCPR. PCPR denotes 

the I4«D cycle compressor power consumption). 

These analyses which util lied a modified chemical 
equilibrium orogram^ and a quasl-one-dimenslonal 
channel code*, have been extended to Identify 
ItiO channels that result In the highest overall 
thermodynamic cycle efflclcni;y of the ftiO/steam 
plant. In addition to the normal constraints con- 
sidered for deforming the best channel perfor- 
mance. we have found that the variation of channel 
heat loss (O^q) **lth channel length and the 
effects of tnis heat loss on the thermodynamic 
efficiency of the steam bottoming plant (n$^ ar'e 
Important In establishing the proper genera. or 
length. 

The value of has a direct effect on 

the value of ns because the channel Is assumed 
to be^ccoled with low temperature boiler feedwater 
(£290* F). The channel cooling displaces re- 
generative feedwater heaters (FWh) which could 
otherwise be used. For example, when L • 10 m 
and Q^n < 20 mW, two FUH can be used; when 
L • 12-lS m and . 20-36 nM, one FWH can 

still be used; but when Qfg^o > 40 mW lor longer 
channels, no FWH can be effectively used. Con- 
sequently, the net result Is that ns decreases 
with Increasing Qigrp. 

Constraints and Assumptions 

The channel Is assumed to perform under a com- 
mon set of 'rmiting design constraints^; 

1. Axial electric field, < Ex.max ■ hV/m 

2. Transverse electrical fleTd, ty < Ey max • 
4.0 kV/m 


3. Transverse current density, Jy < Jy,max ■ 

10 kA/m‘ 

4. Hall parameter, a < Imix ■ * 

This choice n' limiting values aporoxlmately re- 
presents the current technology'*® on channel 
hardware based on limited endurance tests, The 
electrical stresses due to too high a value of 
Ex, Ey, or Jy can cause Interelectrode 
and/or sidewall breakdown, if a Is too high, 
non-uniformit let and current leakage paths within 
tha WiD channel can be amplified and degrade tha 
generator performance. In the analysis, tha val- 
ues are maintained within the design constraint 
limits by varying the B-fleld and load parameter 
axial profiles* along the channel. The channel 
Is operated In the Faradav mode at nearly constant 
Mach number. 

To obtain the channel design conditions for a 
prescribed channel length and an assumed diffuser 
pressure recovery coefficient (0.46), several 
Iterations are requited to meet the prescribed 
diffuser exit pressure. The correct conditions 
are reached by adjusting either the combustor 
pressure and/or the minimum load parameter 
(Rmln)- This gives the performance parameters 
required for tha overall plant calculation; I.e., 
the total MiD power and the total channel heat 
loss (Qrttp). Also calculated are the axial pro- 
files of the plasma conditions and the channel 
loft. By assuming a polytropic efficiency (0.898) 
and pressure drop fraction (ap • 0.1), the cycle 
compressor power consumption Is calculated. Using 
the specific power of the air separation unit 
(204 kUh/equIvalent ton of pure oxygen), the ASU 
compressor power Is also computed for a fixed 
level of oxygen enrichment. Finally, the bottom- 
ing steam cycle efficiency (n$) and the overall 
Thermodynamic plant efficiency (hTh) 
obtained. 

Inlet Condit i rris 

The conditions used In these calculations are 
consistent with those designated for the ETF. 3 
The plant Is sited In Montana (elevation > 

3300 ft, amblent^pressure • 0.89 atm, and ambient 
temperature • 42* F). The designated fuel Is 
Montana Rosebud coal dried to 5 percent moisture 
and the oxidant Is oxygen-enriched air preheated 
to UOO* F. li. this study two levels of oxygen 
enrichment, 30 and 36 percent by volume, were con- 
sidered. The combustion gas conditions are com- 
puted for an oxygen stoTchlometrIc ratio of 0.9, 
with a cofflbustor-noiile heat loss of 6 percent of 
the total thermal Input. The seed Is Injected as 
K^COi with the potassium being 1 percent of 
the total mass flow rate. 

Results 

Using the abovementloned constraints, the pri- 
mary operating parameters Bmax* k. Op 
percent. Pc, and Kmin. w«'' the axial 
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profUtt of 8 <nd K that y*«1d tht htghaat 
overall performance are determined. Hundrndt of 
calculations Mre performed to cover the wide 
variation of these parameters in order to identify 
the cha".?ls that mill result in the best nTN< 

Two sets of caicuiations were oerformed. In the 
first set, the axial profile of the magnetic field 
and load parameter were adjusted to keep the elec- 
trical fiold, current, and Hall paramater con- 
straints Mithin limit. From these calculations an 
optimum 8-field p'ofile was selected and a pre- 
liminary magnet design approximating this profile 
was obtained^. This designed B-field profile 
was then fixed for a second set of calculations, 
the results are suimari/ed in two sett of data: 
thirteen "designed-B" cases and eighteen ~.'ixid-B" 
cases, respectively. 

“Detigned-B*' Cases (Co:vputer Generated-B) ; 

Tablet i to 3 

To illustrate the sensitivity of the results 
about the channels that yield the highest nth 
(cate 1-1), four other tub-c(sr’ (1-2 to 1-S) are 
also tabulated for commn L > ,0 m and O2 • 30 
percent. Both the and Kmin have been 
varied and the optimum conditions meetino the pre- 
scribed exit pressure are shown in Fig. 1. The 
highest njH (41.23 percent) occurs at - 
4.2 atm. For the 13 M channel. Pc cannot be 
increased beyond 4.2 atm without causing a lower- 
ing of Kmin below 0.677 and this in turn will 
cause Ex, max to be exceeced. Typical axial 
profiles of B, Exi Eu, Jy, K, a, and 
P|iMD are plotted in Pigs, 2-A U • 10 m) and 
2-fi (L . 15 m). 

Comparing cases 1 to 3 for L • !0, 12, and 
15 m with 30 percent-02, the 12 m chunnel is 
found to have the highest dth (41.37 percent), 
while for 35 percent-02 (cases 4 to 6) the high- 
est nTH (41.44 percent) is found for the 10 m 
channel. The variations of dthi iis> *id 
ncN Hith channel length are presented in Fig. 3 
for the two levels of oxygen enrichment. For 
shorter channels (L < 15 m), n£N It dropping 
slowly while nK is Increasing. The effect of 
less channel heat loss results in the best hth 
at L - 12 m. 

The dependence of dth on Bmax and Ma 
is shown In Fig. 4. At Bmax - 6 Tesla, the 
highest performance Is obtained at a Mach number 
of 0.9. Lowering Bmax lowers the overall 
plant efficiency and shifts the optimum Mach num- 
ber to supersonic values. These results, as also 
Illustrated In Tables 2 and 3, Indicate that the 
final selection of the final configurations may 
depend upon a tradeoff study between magnet cost 
and system efficiency. Other factors which might 
result in better performance for low B-fields are 
variations in the gas stream velocity in the chan- 
nel and the channel length which were not included 
In this study. 

The magnet sixes CTB^, m^T^) are estimated 
to be 636, *64, and 966 for L <> 10, 12, and 15 m 
reipectively (62 • 30 percent); and be 506, 644, 
and 782, respectively (02 - 3a pe.cent). The 
savings due to the reduction in length are thus 
significant. 


*Fixed-B* Cates (National Magnet laboratory-B) : 

Table 4 

The previous cates provided simple magratic 
field profiles designed from the channel perfor- 
mance point of view. Together with the channel 
loft they provided the basic requirements for a 
detailed magnet design. These detailed designs 
were supplied by the National Magnet Lab* and 
their B-field profiles are shown in Fig. 5, for 
active lengths of 10, 12, and 15 m. The channel 
performance was then recalculated, in terms of 
nTH I using these fixed-B profiles and oxygen 
enrichment levels of 30 percent (cates 14 to 22) 
end 35 percent (cates 23 to 31) by volume. The 
results are given in Table 4. 

The (ecreate in nTH <4 compared to the 
previous detigned-B cases is within 0.32-0.65 of a 
point. The small change in nTH Ik a result of 
the local optimization process which it capable of 
maximizing power by shifting load. 

The effect cf variations in Ex, max oh 
nTH Has also investigated and the results are 
shown in Figs. 6 and 7 for O2 ■ 30 and 35 per- 
cent, respectively. From the design point of 
view, the 35 percent-02 channel it preferred 
over the 30 percent-02 channel because the best 
performance is obtained at lower values of 
Ex, max* Furthermore, the Hall electrical field 
doe' not reach the critical value until much lator 
in the channel for the higher enrichment case, as 
shown in Fig. 8. This means reduced stress level 
for the channel. However, a larger ASU is re- 
quired for the higher level O2 ca'>e. 

Concluding Rmiiarks 

The initial design parameters (B-field, Com- 
bustor Pressure, Length, Load Parameter, Mach Num- 
ber, and Oxygen Enrichment) of the 540 mUy ETF 
channel have been identified with respect to the 
overall plant efficiency. The results are: 

1. The basic design conditions (Bmgx ■ 

6 Tesla, M* ■ 0.9, L > 12 m, O2 • 30-35 per- 
cent by volume) yield an overall plant efficiency, 
i\TH ■ 41 percent. 

2. Recalculation using the fixed-B profiles 
has shown little change in nTH Erom the orig- 
inal desivned-B channels. 

3. Lower Bmax results in higher Mg for 
the best performance, but results in lower nTH 
for the same channel length. 

4. Higher oxygen enrichment results in a 
shorter channel and lower Ex,max> l>ut requires 

a larger air separation plant. Consequently, the 
selection of O2 level still depends upon further 
study of the air separation plant, especially on 
the economy of size. 

5. Results have shown that when the effect of 
channel heat loss on bottom cycle efficiency is 
taken into account, the best performance is ob- 
tained at significantly shorter channel lengths 
than were previously thought necessary. This is 
primarily due to the recovery of the WO generator 
heat loss as low grade heat by the steam plant 
which is an important feature considered in this 
paper. 
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Figure 8. - National magnet laboratory axial profilas of B-fleld. 
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Figure 8. - Axial davilopmant of hall aiactric fiaid E» and loading 
K (for national magnat laboratory *8, O9 ■ 30^ ^ and 
L • I2m>. 



